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RESEARCH OBJECTIVE

The research performed, and reported on herein, is a

continuation of research performed at Rome Air Development

Center, Griffiss AFB, during the Summer of 1981 under the

USAF-SCEEE Summer Faculty Research Program Ill. This

research is therefore directed at the enhancement of

resolution in scenes with limited support. The importance

to the Air Force lies in the application to space based

infrared sensors. In t'hi.- ontext we hi'i, i iid ot view

limited by a sunshade, operated on by a Fourier t ran:forming

lens, and subsequently sampled over a finte supp)rt by a

detector array.

The idea is to reconstruct the limited field of view

scene, most compatible with the given inrormation. This

information consists of frequency domain B-;amples, ultimately'I

arrived at by measurements and therefore corrupted by noise,

in addition to a priori information. The a priori

information yields constraints on solutions to the problem,

by such requirements as the nonnegativity of the scene

function, the known physical extent oi -he scene function,

and probabilistic characterizations of the corrupting noise.

The objective of the proposed research then, is to

evaluate the performance of iterative deconvolution

I
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algorithms, in the context of, and with the constraints for,

the space based infrared sensor application. The

sensitivity of the solutions with respect to the various

constraints will indicate the robustness of the algcrithms

against assumptions made.

Until now iterative reconstruction algorithms did not

incorporate effective ways of dealing with measurement

noise. Consequently, the noisy measurements obtained in a

practical application, could be incompatible with the a

priori constraints. This then leads to searching for a

nonexisting solution to the formulated problem. In this

stage of the research we concentrate, therefore, on

developing modifications of the original algorithm that

explicitly allow the use of knowledge about the noise

corrupting the measurements. Analysis of the resulting

"soft constraint" dlgorithm :-;hows that thf' e ,ent i -1]

convergence properties are preserved. Init 'a I i mulatior,

results show the robustness of the new algorithm, when

compared to the traditional "hard constraint" version.

-2--



RESEARCH STATUS

1. INTRODUCTION

In our problem an optical sensor has a sunshade that

limits the field of view. The limited scene is subsequently

Fourier transformed and a number of samples is taken in t:i

Fourier domain. These frequency domain mca uemenLt 0

naturally subject to measurement noise. The ,Uta now

recover as much as possible of the oriq.ial v-ere.

Philosophically at least this i.- a .... . it . .

the analogy with the problem ot e-taplit:.

signals. Several iterative projectio:. algorithm. v

proposed 2], and proofs of convergence have been qa ver.

the continuous problem 3,4. The :uc essfui extratolacaon

by a factor of 20, in 15 , led the author to e:-:zienu and

apply that computatlonally etIrlent on:-:hot approach to

the 2-D problem outlined above 11). The results of that

approach were not encouraging due ta an extreme sensitiv:ty

to noise, as well as the difficulty 1 oi implemen:in all i

priori information. An iterative n oetion algorithm ;6

facilitates the incorporation of a priori information at the

expense of an increased computational burden. We develop

a modification of some of the constrints, to accomodate

the effects of measurement noise.

I- -



2. PROBLEM FORMULATION

As extensions to _-D are rather elementary, l-D Frmul

tions are used for transparency of tire derivations.

Let f(x) denote the continuous space-limited scene, and

Fc (w) its Fourier transform. The sequence (F n) is obtained

from F (w) by sampling with Interu... k periodic lun'ictio:.
c

f s(t), period 21, can be associated v.th {'n as follows

f (t) = F n etn

For the Fourier c :e1l :t:w .ix. "', . r,

F
n 2 1 (t)e tndt (2)n 2T -," "

As (F was obtaine3 by campling, the fllowinq relationship
n

1s valid

F n F (n2)

f(x) e-J dx

(2r 1)"/1
: z f f(x)e- lLXd

r=-- (2r-1) ,/i

Substituting + for x yifr].ds

- 2 i r -'' Id- 19 . . .

n r=-- - r/rr

Recognizing the last exponential to have a power which is an

integer multiple of 2 TT, and substituting t for K2, results

in:
T - n

f f((t r-r)/Q) e nt dt/P, (3)
n ''r= _-



Comparing (2) and (3) yit id:-: the r-lat ionship betwtun tI]u

scene-limited function f(. ) and the periodic function f(

2fs ( t )  i- ' f ( + r / )(4)

The corresponding 2-D result follows.

2

T: f ( ( t l + 2 . ; r ) / ,,l , ( t 2 + 2 ,r ) / ,2 )(tl t2) - i 2 r . . 2 ...
s 2 r~~ C- 2=~

Assume that f(x) is scene-limited to 1xlxi an interval

length x2 -x I. From (4) the original function f(x) can De

recovered from the periodic function fS(t) associated with

the frequency domain samples, if those samples are spaced

closely enough, that is

(5)x x2- x I

The important result is, that the space-limited scene can be

recovered from all frequency domain samples, under the

constraint of (5). In the sequel (5) will be assumed valid

by some margin, so called oversamplng, so that f_(t) is

truly scene-limited to a subset of [- I.

It is a real world problem that all frequency domain sam-

ples are necessary. For the space based infrared sensor

this requirement translates into an infinitely large detec-

tor array, which is clearly out of the question. In prac-

tice, therefore, we hope to get access to the dominant portion

* ,i
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of F by means of an extr i))lation process, so that

nn

n- Iifs(TI) -i n

rm

N n

A uniform sampling of fs () on tiie unit circle in thL1:sjr-

plex T-plane, yields an N-sequence, { F } say, for which

f -k

n N

fk fs ( = )

"N

whe re ( t

WN Aej -N

Now a 1-to-I relatinn tle U- 3ecutrnce ' f anca
n

the N-sequence {FN".

N --
n = N k(10)

k=0

A substitution of (3) it ( 10) yield:..

_1 -l-

n N N N
k=O r, - -.

-N-1

- i . .. kN. -k

"n m N n N w

M : =-- n il-rN ''e e

F = F N

r=-()

Con.equently (7) will be an increasinq1 y better approxrma-

tion as N becomes- large encugh for the rsO term in (11) to

dominate. The accuracy of the detail in the reconstructed

scene depends on N and the degree to which (7) is satistied.

--6-
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A graphical rer2 ;t't&U

3. SOLUTION APPROACH

A . Alternating FrojeCtion Aiqjorithrnm

~or- the derivation and Iay;.i:tt w

161 ) we R ssu m.e the d i sc re te I. L r u v j E- 

associated periodic functi:on e t oe

cur vroblem. Only a --m.1i nurrb-, c-:Th

san~esIs avai labie u- c i nrr:..

truncation operator 1

Y = TF

The aim now, is ta use all availab-le a pr iori rs~~znt

ext rapa late o ahretn ',,~i r:unysjK r

P7Ce. 1f such-t t: 1..'W 4 i .

of the or:c-ina- cle~I ~a .uc be ps Aeta

*measurement s witho~u* ex-trapolatinq eost:matdon.

in additio)n to (I-') a solutioni F musLt satia:f V a numi:(?r C-*

COnstral nts in r.e :;a.cno Joini n, i1 : az.(d byv a cm~n

er-a to r C . ls ostro tin t I eun .aa * .

ists, and is denoted by C F. Cor-;ecjueritly, ye h av e

F = FC F .LC ( -

or e q u iv a 1e iit1y

C FFC F F (14)

-7-
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For notational ccnde:nc, - ' - e ai c r.t r.. : n:. -

tor C encompasing ( 13) and (1) ,_ at

F = CF (u

From (12) and (15) the following equality is valid, for any

F = CF + p (Y-TCF)

= OF (16

= 1Y + (1-i)CF (T) CF

The problem is to find a solution F :- th. abo--, or in oth-

er words, to find a so-called xfixed point of the operator C.

A common mode of attack i. the successive approximation

approach, implemented by

Fk+ 1  = iY + tl1- T)CFk (18)

According to the contraction mapping thorem, (18) yields a

unique solution if 0 is a contraction operator, i .e., if

3 _ .- I exists, such that

1OF 2 -F F V F (19)

If can take on the unit value, (n) , i e:,a non-panr 2

operator. A nonexpansive operator fleret or, decreases the

distance between signals. The equ.a!lnt requirement for

convergence of (l)), is that ( I-C, ) . a ontractlon onera-

i!

-9-
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tor. For the latt .. , 1-- :-

both nonexpansive, and LMnh I t '-.- i.,, , cont r- : t ltl (i0 ci-

tor. As the second term oi. the ri ghthand si 0: of i;)

constitutes a correction term over the measurement domain,

one often encounters the choice p=l, expressing no need for

correcting viY over that domain. We'll! sve short. that ir.

the present approach such a choice is not applicabl,'.

B. Soft Constraints

One of the most uiil issues in ha ving a chance at e,-

tabl shi ng some kind .f oav'ie ,,c . f,< the rt i'''* p u' .,.

in (i-1), is the compatlbility of t ;,t of constraints that

applies to the solution. Ast physical measurements are inva-

riably sub]ect to noise effects, it ceres ill-adv sed to im-

pose these noisy measurements ir, hun constraint, i.e. as

if these constituted ab.;solute kii,' . A:, ,I , t.u ',

fact, such a hard oI:.tr-,i t :, v : .i i, r .,. , i ,

con trai nt set, a.: demoulst rarIt . • ., I,.". - ampIe

from the spectral e.;timaticn aren .

Suppose a small number of low-lag '.iu-z. or cvaranc -

sequence is avai abie , and etrapolat ,n 1 th. ,.:.

in order to increase spectral resolutici. A t, -_

constraint on the spectral density function woa, i)u e nnn--

gativity. Now suppose that due to mea:surement noise t}t-h

zero lag covariance value is not the largest in magnitude.

This now violates one of the necessary i)rot)erties for

covariance sequences, and results in in incomIpitibility of

the given covariance sequence se:,1ment with an" spectral

density function.

-10-

,, ,



In order to accomoda'e et toys n tn_ &'. -

measurements, we in:-rocice thi fi .,.': :

frequency domain measurement costraint.

F if I IF-YI IM = 6 "

CFE Y + (F-Y) over M (20)

if ;iF-Y

F over Mc

2
Herein, E indicates the tolerable, and 5 :r.ii e t

tual, mean square difference between .cu: LtU<:tl r. nr.

surements. These e-,-luaz ons are , over t. .

domain M only. If correctire action take: place, t-he ft -

lowing relationship holds

ICFF-YI M  IY (')-Y
F[

I- I F-Y I I M

Therefore, we find,

2 c. '
I ICF F-YI, 2 1 1 C..-Y III

El'-Y I c + T 1 2 ~

JIF-Yj 2(.

which says that the iterate eat.hel remalnr uncli'a.c1, --i

moves closer to the measurement:-- Cur soft mea-uremr",n

constraint leaves well enough alone, i.e. if the iterative

process comes clo.e enough to Y, with r0spct to thte expct-

-1 1-



ed noise level, then th. it , I. .:c .'de e, .

An alternative soft o1-tralnt w.,m..a :no that nlac,.

tolerated maximum on deviations fr omr the eal:urehrfr.tJ,

each measurement sample individually. Not.,- that in any casie

a weighted norm is easily accomodated, so that known ampli-

tude-and/or frequency-dependent no .t , , _ . e 1. -

ly be incorporated.

Several constrants apply in the fcen. umain. A:-, the

solution to our problem i. a p icture o,'tna~ 1 rith our

information, a nonne3at 'v L-ty ,,erator at .' t

softened. The scene is al.-o of limited extent and it i_; ar-

gued that softening may be bLnefi -ial i,_r-. A border region

B is proposed (similarities wlth 171), to s_.rv'e as a transi-

tion reqion between the known extent F/, and the zeroed re-

gion Z. The soft scene limitation operator S then becomes

over K

S[- g over B (1")
SF ~F B ve

!0

where 0 --< gB < 1 is a buti non defr ni . tL. bordet re-

gion, which provides a smooth transitio, t, ero.

In the border region itself one could t'iect not to make

any substitutions, and then monitor the energy in the border

region. This information can potentially be used to accel-

erate the convergence of the algorithm. We hope to investi-

gate this issue in the subsequent stage ol research.

-12-
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C. Convergence u

In order to assess il,- pl-o Sp(t : C m rr*-nc.- ( -:

the contraction properties of several operators nu::t ,-

evaluated [6,81. For the scene limitation operator S, ia

Parseval' s relationship

-SF-I l 2 f 11- 1'-I1

IiSF F-SF E I --jif-f dt '-.. . - ,, j .... -.7,"Ifn -f'

: I f "F -F1 F. [ -- (-3)

where

1 f t 1  (lt
2 2 i-J- B( B - 1t

r =1-
IF .. - r-l~' I 1  (1:4)

The expression for r is nu nn11eg ive and :;ral ler or equal

one, where equality ;:-curs it fi and f iej:r 1'-a ,''c11 e

un~ion of B and . 1he operator S is: t ier-:,- r o:I'Xtoansive

The nonnegati-',1ity operator san rlIrrilory he shown to be

nonexpans i,,e.

i I I t'-1F p -_
I PF F -PF - it

JF

< .- f 1 . jd

Equality holds if tlht, tunctions :, Ig (n ) and sirn I ) ,,t_

equal almost everywhere I- ,, i. The composite scene domain

operator

-13-

, ---'---



C = PS

SP

is, consequently, a nonexpansive operator.

The soft frequency domain me.J.ireme.rnt 'dnttrant yields,

I CFF, -CF F l- =  IICF F - e : '(A -. i . (2C)

"'

< IFi-Fl I 1 (28)
2

< jIF -F.I ( 2.3
I J

The inequality arises because the constraint Leaves the co -
ponents of F. and F. in M alone, or move-; one or both cofl:o-

1 3

nents toward Y, and consequently closer toqether. The com-

ponents in Mc are always unchanged. We find the measurement

operator C therefore, to be a none:panol ye pe> itor - 50.

Rests us to evaluate the operator (1-i ).

I lF.-uTF- +11TF i- I IF-u .- F +14  -i (3)

(31)

I: IFi-F It for, 0 2 (,)

Equality holds if F. equal.- F over M.

The conditions for equality in (24), (s), (29), and (32)

could all be met at once, and consequently we find (l-uT)C

-14-
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to be a non-ex.ansive *-eratcr. A: - z -:t (28) may na"!

many fixed points. it should e rtc',gnz:',. tnat

the noisy measurements, a unijue s oiution cannot be expect-

ed. Any solution, however, must satisfy all the constraints.

The size of the solution set can possibly be reduced by

decreasing c in (20), but his moves the problem towards

incompatibility of the available information.

D. Algorithm Simplification

Using the soft frequency domain constraint in (20), and

the composite scene domain cc-.t, in_ in (IC), .-

ithm formulation of (18), yieids the iilowang aigor;thm.

F = ;Y

F k- = PY (I-0 )CF cSI aK 33)

This algorithm is represented ,nIin e

Let's define

-1" k = CFFCs FF k

so that the right hand side of (33 b ean be-ri t ten and Im-

plified as follows.

F uTF + bAY F over Mk k "k

- (1-)F + Y over M (36)

The latter equality can be rewritten as

Fk-iTFk+pY Y+(l-p)(Fk-Y) (37)

-15-
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If we now substitute for "-p) te:. . Ic: (7) ...

seen to represent the seo*. requ,:,: . n:m it.

(20) As L is smaller or kcqual one thl corre porQlr,6
choice for p:

('38)

is seen to satisfy the convergence cordutccn:. c- o. .

result of making this particuav c-co,.i- ", .. r"'-

in Fiaure 2, two l ioa. Vc:." " , . /

constraint operators. The aiLgoi- :th th reroe s -r.,it,-

because the dot-enclosed algorithm part now has th e effect

of an identity operator, clue to the equality

C CC (-C 3F F F

The resulting algorithm simply ccn'i; ts ot transrtrm,,-

tions trom frequen.-y doma n to : ene 1, imaiz i r],J vind ve: ,

with an applicatio n of the resri-.t i\', c vault up .,.

Note that if cur tolerable no:ioe level equals u<.',

E = 0 in (20), then (20) as well as (38) cause the algcrithm

to degenerate to the traditional hard-constraint algorithm,

in which the iterate is replaced with the measurements over

the measurement domain.

-17-
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4. SIMULATIONS

For each of the blocks in Figure 2 commands were written

in RATFOR, for subsequent running on the VAX 11/78o in

VFI&SU's SDA lab. A command is like a self-contained

subroutine called ftom the keyboard, and usually operating

on existing files. Each iteration of the algorithm

therefore takes four commands. One more command was written

to take care of all initializations. Codes for these

commands can be found in the Appendix.

Our scene domain consists of a 64 x 64 pixel array.

After generating a checkerboard pattern the scene domain was

constrained to the center 25 x 20 (hor x vert) pixels, which

therefore constitute the region of known extent K. The

resulting scene limited picture was ther. Transformed and the

measurement domain M was cho.-en to b. the 15 x 19 (hor x

vert) area centered at zero frequenc(.. The mean square

value of the frequency domain siqnal tuin-d out to be 27 x

6106. Noise can be added to these frequency domain

* 3measurement values. We used a noise variance of 40 x 10

The scene domain constraint implemented In these simulations

left a scene of 27 x 22 (h,_r x vert) pixels, so that the

border region B is 1 pixel wide on each side.

At present the set of commands has to be entered

sequentially in order to effect a number of iterations of

the algorithm. This time consuming process can be

alleviated in the future by rewriting the commands into a

-18-
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single command, which will then , i tat. a r, r.-

comprehensve study of the c1Cn.e,n AoAI. r - c.! n'V

numbers of I teIatCic s of th , epi n:','t , 'MI

Consequently our present numericai result; are ilml .ri to 7

iterations of the alcorithm. Thi ] td emI-,x r,.r. I

owever, demonstrates what e.. ton to he th

characteristic behavior of the algorithm.

Starting from the initial condition without noise an-

going through 7 Iterations will not . Ia -to any ixaratic

results. We illustrate, neverthut.::., rhe tiar ion,

condi. tion of the al ocri thm -,n F1 nre A - ::: t*: t a

miproDvement Ln resoIut lon is ci.:-.-d rtr ., . -.'e1

-terat-ons, wren 1o:rare C t. I .:n,. : , . .'r:.t! tr1nor 1 i r. Al.

t-e measurements. 0 I insrate :., .o]. -tr:stic Z,

• It e soft- loist ... nt '4 0,. 1 1:-.'I ,1.1 . ... .. ./

. >trslt lc ns, the l in-.:1  :. <':- tr I ,t , ',.'. th V . ::, . : i s .,u-:.t I

E£N R 28 dB) .,l arts trom the ,.. . :. -ii , , t

cc Iutlon be he rtial iterate, n:,,h honid threfore

constitute a :easble j;o t L. n I. tn' r-,1 -F .I 11-

:terate Fk in the trad: tionsl a>'. : :: w" tn r-" :a-

* frequency domain ronstrar n et tne. .. vx' rm "he I n,

soiution F, thereby indicating that Ii a(; ori thm : n i n

. .ssibly converge to the true .olut i?,t ThVi. c1 : 4. .

actually oservablo on the TV monil t-, altLhoush it :oor n-

s-how in the pfhotogra-h cf Figure 4. W. _herefore ciori:.',i

numerical indicators of the behavior of the reconstru.ction;,

, '4o:



dik

Upper Left: Original Scene
Upper Right: inverse of Measurements without Noise
Lower Left: Iterate 7 before Scene Domain Constraint Operator
Lower Right: Iterate 7 after Scene Domain Constraint Operator

Figure 3. Algorithm Operation for Noiseless Measurements,
with Inverse of Measurements as Initial Interate.
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Upper Left: Original Scene
Upper Right: Inverse of Measurements with Noise
Lower Left: Iterate 7 before Scene Domain Constraint Operator
Lower Right: Iterate 7 after Scene Domain Constraint Operator

Figure 4. Algorithm Operation for Noisy Measurements,
with Original Scene as Initial Interate.

-21-

ii I n

( mem'm
,_--m - - II



and these RMS values are reL re: ,:nt - n 12 . Jr %.

iterate in the soft co ;:r rt , , •t.'rY. ,i tI Mh, - r.

variance underestimated at 1O, 22G (th,- r;. :;e 10ar, an>- t-juO 1

40,000) is seen to also move away t rom >nc ti 'e z.o attIn,

but much slower. F'inally, 1i t.ar that if a good

estimate of the noise variance i.- aa.A >ie, then th

iterate will not move away trom the _ ,.ution, b':caum.,

they are close enough already to aiol Iy the so:I

constraint. The specilfic effects of c t , and actul-il

noise variance will be investigadi , .ui>: ,uent rehear :h

effort.

I , )
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#--FFTDRV DRIVER
#

#IDENTIFICATION
# TITLE FFTDRV
# AUTHOR AA(LOUIS) BEEX

# VERSION A.01
# DATE 15 SEPT 1982
# LANGUAGE RATFOR
# SYSTEM VAX-II
#

#PURPOSE
# DRIVER FOR COMMAND THAT PERFORMS THE RADIX-2 FAST
FOURIER # TRANSFORM OF A REAL IMAGE
#
#ENTRY POINT
# FFTDRV(WORK,ERRET)
#
#ARGUMENT LISTING
# WORK INT WORK ARRAY
# ERRET INT ALTERNATE ERROR RETURN
a

#INCLUDE FILES/COMMONS
# MACAl INCLUDE GIPSY TOKEN DEFINITIONS FOR Al

CHARACTER # GIPCOM INCLUDE
# ERRET INCLUDE INCLUDE FILE FOR COMMON ERROIP
*

#ROUTINES CALLED
# PPUSH PUSHES PROGRAM NAME INTO ERROR STACK
(GIPSY) # PPOP POPS PROGRAM NAME FROM ERROP STACK
(GIPSY) # RDKINL OPEN A SIF AND FILL IN THE IDENT
BLOCK # CLOSE CLOSES A FILE(GIPSY)
# FFTALG COMPUTES THE (INVERSE) FAST FOURIER
TRANSFORM (USER) #

**************************************** ************* ** ******** ***

#
INCLUDE MACAl
SUBROUTINE FFTDRV(WORK,*)
IMPLICIT INTEGER (A-Z)
INCLUDE GIPCOM
INCLUDE ERROR

INTEGER IDENT(.IDLENGTH)
#DIMENSION WORK(.ARB) A-I

..... -- "-- - - - ' *-7 . .



EQUIVALENCE(NPPL, IDENT(.IDNPPL))
EQUIVALENCE(NLIN,IDENT(.IDNLIN8'-))
EQUIVALENCE (NCOL, IDENT (.IDNCOLS))
EQUIVALENCE(NROW, IDENT( .IDNROWS))
EQUIVALENCE(NBND, IDENT( .IDNBNDS))
EQUIVALENCE (MODE, IDENT (.IDMODE))

CALL PPUSH C FFTDRV')

# OPEN INPUT FILE

CALL RDKINL(FDI1,IDENT,.OLD,IEV,%9999)
CALL CLOSE(FDIl)

# CHECK INPUT FILE

IF(MODE^=.REALMODE) GOTO 9000
M=1
NLIN2=NLIN/2
WJHILE (NLIN2>1)

M= M+ 1
NLIN2=NLIN2/2

IFNLIN^ 2**M) GOTO 9020
N=l
NPPL2=NPPL/ 2
WHILE (NPPL2>1)

N=N+1
NPPL2=NPPL2/2

IF(NPPL^=2**N) GOTO 9020
NMAX=MAX (NPPL, NLIN)

NXT=l
ILIN1=GETWP(NXT, .REALMODE,NPPL)
ILIN2=GETWP (NXT, .REALMIODE, NPPL)

* XAR=GETWP(NXT, .REALMIODE,2*NMAX)
FTAR=GETWP(NXT, .REALMIODE,2*NLIN*NPPL)

IF(.OK^=OSALOC(NXT)) GOTO 9010

CALL COMTIN(%9999)

# CALL FFT ROUTINE

CALL FFTALG(FDI1,FDO1,NBND,WORK(ILIN1) ,WORK(ILIN2),WORK(XAR),
WORK(FTAR) ,NLIN,NPPL,NMAX,IEV,%9999)

CALL PPOP

RETURN

# ERROR CONDITIONS
9000 CONTINUE



# ]ILfICA. PiATA MOl)JE
IEV=-2012
GOTO 9999

*

9010 CONTINUE
IEV=OSGIEV(IEV)
GOTO 9999

#

# ILLEGA APRP.Y SIZE
9020 CONTINUE
IEV=-5004
GOTO 9999

*

9999 CONTINUE
CALL CLOSE(FDII)
CALL CLOSE(FDO1)

*

RETURN 1
END

!,1

...Io,- -
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#--FFTALG I110 L;~ in

# IDENTIFICATION
# TITLE PFTAIC
# AUTHOR AA (LOU IS) BEEX
#I VERSION A.01
# DATE 15 SEPT 1982
# LANGUAGE RATFOR
# SYSTEM VAX-11

# PURPOSE
# TO COMPUTE THE FAST FOURIER TRANSFORM (RADIX-2)
# OF A SIF IMAGE (1 BND IF REAL,, 2 ENDiis 11' COMPLEX)

#ENTRY POINT

FFTALG(FDI,FDO,NBND,ILIN1,1IN2,XA,'A,LIN,PPL,IfIAX, iLV,*) j

#ARGUMENT LISTING
# FDI INPUT FILE DESCRl ETOP
# FDO OUTPUT FILE DESCRP 3 U'
# NBND NO OF' BANDS IN IMAGE '10 ]fll 1 [CESSED
# ILINi LINE BUFFER FOR RE:AL P'ART 0i' INPUT IfMAGEL-
* ILIN2 LINE I3U'El? FO(R INAG INIARY PAPT F01-G'J
* XAR WK)RKARRAY
# FTAR WORK ARRAY
* NLIN NO OF ROWS IN TilE I MIW I.,
# NPPL NO OF COLUMNS IN 'HEL INAGE

#NMAX MAX OF' NPPI. AND NLIN
# INV INVERSE T!RANSFORM IF' '1Ili:
# IEV INTEGER EVENT VARIABIEF
# ERRET ALTERNATE RETURN

#INCLUDE FILES/COMMONS
# MACA1 INCLUDE (GiI'sP!Y)
#
#ROUTINES CALLED
# PPUSH
# PPOP

f* CLOSE
# CPYIDR
* COPYDS
# RREAD
# RWRITE
# RX2FFT
# DSCNAM

INCLUDE MACAl
SUBROUTINE

FFTALG(FDIIFDO1,NBND,ILIN1,ILIN2,XAR,FTAP,NlINl",NPPL,,NMAX,IEV,*
IMPLICIT INTEGER (A-Z) CHARACTER FDIl(.FDLENGiI),
FDO1 (.FDLENGTH) INTEGER IDENT( .IDLENGTH) , JDENT(.IDLENGTII)
REAL ILIN1CNPPL) , ILIN2(VPPL) , NORM

COMPLEX XAR(NMAX), FTAR(NLIN,NPPL)
COMPLEXZ
LOGICAL INV

INCLUDE TTCOM A



CALL PPUSH(C'EFTALG')

NMAX=MAX (NLIN,NPPL,)
FORWARD=l
INVERSE=-l
DFLT=l
CALL RNGETI( 'FORIIARD(1) OR INVLRSEC-1)

TRANSFORM?.',INVERSE,FORWARD,DFLT, VAR,IEV,%9000)
INV=.TRUE.
IF(VAR==1) INV=.FALSE.

# OPEN INP1UTFl Ll'
CALL CPYIDR(FDI1,IDiENT,.OPN1iMP,IEV,%9OOO)

# WRITE DES)CRIPTOR PECOPL) TO 'i:f'P
FILE CALL DSCNAM( 'FFTALG' ,IEV,%9000)

# SET up OUTPUJT FILEJ PAJ<AMET'RI<
JDENT(.IDNPPL) =IDENT( .IDNPPL)
JDENT(C. IDNLINS) =IDENT (.IDNLINS)
JDENT( .IDNCOLS) =IDENT( .IDNCOLS)

JDENTC. IDNROWS) =IDENT ( .IDNROWqS)

JDENT(.IDNBNDS) =2
JDENT( .IDMODE) =2

#AN INVERSE TRANSFORM MUST YIELI) A PEAL rIMACE FOR~ OUR~
APPLICATION: #NO. OF OUTPUT PINIS EQ11ALS 1

NOB=2
IFCINV) NOB=1
JDENT ( .IDNBNDS) =lOYlN

# OPHEN OV'j'li'lIi' 1:11 F
CALL COPYDS(FDO1,JDENT,IEV,%9000)

#
DO BLKN=1,NLIN

CALL RREAD(FDI1,ILIN1,1,IKN, I)I;N'7, .'v;iA IT, 11V,% 9000)
IF (NBND==2)

CALL RREADCFDI1,IIIN2,2,BI~N,IDNT,.,AII,11V,190tO)
$)

ELSE

DO I=1,NPPL

ILIN2 (I) =0.

IF (INV)
$C
DO J=1,NPPL

XAR(J)=CMPLX(ILIN1CJ) ,ILIN2CJ))

XARCJ) =CONJG(XAR(J))*1ELS)



DO J=1,NPPL

XAR(J)=CMPLX(ILIN1(J),ILIN2(J))

CALL RX2FFT (XAR, NPPL)
DO J=1,NPPL

FTAR(BLKN,J) =XAR(J)
$)

NORM=FLOAT (NLIN*NPPL)
DO J=1,NPPL

DO I=1,NLIN

XAR(I) =(FTAR(I,J))

CALL RX2FFT(XAR,NLIN)
IF (INV)

DO I'=1,NLIN
C(
FTAR( I,J) =CO14JG (XAR CI)) /NORN-

ELSE

DO I=1,NLIrl

FTAR(I,J) =XAR(I)

* DO BLKN=1,NLIN

I I DO I=1,NPPIL

$C
Z=FTAR (BLIZN, I)
ILINi (I) =REAL C(Z)
ILIN2 (I) =AIMAG(C z)

CALL RWRITE(FDO1,ILIN1,1,I3LKN ,JD)L:,''I,.N.AIT,JV,% 9O00)
IF(NOB==1) GOTO 1000
CALL RWRITE (FDOI, ILIN2,2,BLKN,JDNT, . AIT,IEfV,%90O0)
1000 CONTINUE

CALL PPOP
CALL CLOSE(E'DIl)
CALL CLOSE(FDOI)
RETURN

# FPWOR CONDITIONS
9000 CONTINUE
CALL CLOSE(FDI1)

IA.



CALL CLOSE(FDOI)
#

9999 CONTINUE
9090 RETURN 1
END

* '1 *



#--RX2FFT THIS IS A SUBROUTINE CALLED IN FFTAIG'.iPA'
SUBROUTINE RX2FFT(X, N)
COMPLEX X (N), U, W, T
NV2=N/ 2
NM1=N-1
M= 1
WHILE (NV2>1)

M=M+1
NV2=NV2/ 2

NV2=N/2
3=1
DO I=1,NM1

IF(I>=J) GOTO 5
T=X (3)
X (3)=X (I)tX (I) =T
5 K-NV2
6 IF(K>=J) GOTO7
J=J-K
K=K/2
GOTO 6
7 J=J+K

PIN4 *ATAN (1.)
DO L=1,M

LE=2**L
LE1=LE/2
U=CMPLX (1., 0.)
FLEl =FLOAT (LE1)
CARG=COS (PI/FLEl)
SARG=-1.*SIN(PI/FLEl)
W=CMPLX (CARG, SARG)
DO J=1,LE1

DO I=J,N,LE

IP=I+LE1
T=X(IP) *U
X (I P) =X (I) -T
X(I)=X(I)eT

$)

RETURN
END

This subroutine is an adaptation of the Cooley, Lewis, and Welch

algorithm for decimation-in-time, radix-2, in-place FFT.

* , -- - 8-



#--SCNCTD DRIVER

#

#IDENTIFICATION BEEX, RATFOR, VAX-I
#
#PURPOSE
# DRIVER FOR COMMAND THAT ZEROES A SCENE
# OUTSIDE OF A SPECIFIED WINDOW

#ENTRY POINT SCNCTD(WORK,ERRET)
*

#INCLUDE FILES/COMMONS
# MACAl
# GIPCOM
# ERRET
#
#ROUTINES CALLED
# PPUSH
# PPOP
# RDKINL
# CLOSE
# SCNCTA ALGORITHM SECTION OF SCNCTT COMMAND
#

#

INCLUDE MACAl
SUBROUTINE SCNCTD(WORK,*)

IMPLICIT INTEGER (A-Z)
INCLUDE GIPCOM
INCLUDE ERROR
INTEGER IDENT(.IDLENGTH)
DIMENSION WORK(.ARB)
E
EQUIVALENCE (NPPL,IDENT(.IDNPPIL))
EQUIVALENCE (NLIN,IDENT(.IDNLINS))
EQUIVALENCE (NCOL,IDENT(.IDNCOLS))
EQUIVALENCE (NROW, IDENT(.IDNROWS))
EQUIVALENCE (NBND, IDENT(.IDNBNDS))

EQUIVALENCE (MODE,IDENT(.IDMODE))
*

CALL PPUSH('SCNCTD')
#

# OPEN INPUTFI L
#
CALL RDKINL(FDII,IDENT,.OLD,IEV,%9999)
CALL CLOSE(FDI1)
*

# CHECK INPUTFILE
*

IF(MODE^=.REALMODE) GOTO 9000

NP=NPPL*NLIN
N=1
NP2=NP/2
WHILE(NP2>I)

N=N+l
NP2=NP2/2

IF(NP^=2**N) GOTO 9020
IF(NBND^=I) GOTO 9020

NXT=l

.-. #~~~~* , #. . . . - = L



ILIN1=GETWP(NXT,.REALMODE,NPPL)
IF(.OK"=OSALOC(NXT)) GOTO 9010

CALL COMTIN(%9999)
#

# CALL ALGORITIHM SECTION
*

CALL SCNCTA(FDII,FDO1,WORK(ILIN1) ,NPPL,NLIN, IEV,%9999)
#

CALL PPOP

RETURN
# ERROR CONDITIONS
9000 CONTINUE

# ILLEGAL DATA MODE
IEV=-2012
GOTO 9999

#

9010 CONTINUE
IEV=OSGIEV (IEV)
GOTO 9999
# ILLEGAL ARRAY SIZE
9020 CONTINUE
IEV=-5004
GOTO 9999

#
9999 CONTINUE
CALL CLOSE(FDII)
CALL CLOSE(FDOI)
*

RETURN1
END

ii
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#--SCNCTA ALGORITHMit

#IDENTIFICATION BEEX, RATFUR, VAX-li
#

#PRPS ALGORITHM SECTION FOR COMMAND THIAT ZER()LS

# A SCENEOUTSIDE OF A SIPECIF.IED "WINDOW

#ENTRY POINT
# SCNCTA(FDI,FDO,ILIN1,NIPPL,NItIl,IEV,*)

#ARGUMENT LISTING
# FDI INPUTFILE DESCRIPTOR
# FDO OUTPUTFILE DESCRIPTOR
# ILINl LINE BUFFER
# NPPL NO POINT PER LINE

# NLIN NO LINES
# 1EV

INCLUDE MACAl
SUBROUTINE SCNCTA(FDI1,FDo1,JLlIN1,NPP)ll,NLNfl, IEV,*)
IMPLICIT INTEGER (A-Z)
CHARACTER FDI1 C.FDLENGTII) , FD0l C.FDlJ:NGTHi)
INTEGER IDENT (. IDLENGTl) , JDENT (. IDLENGTHi)
REAL ILIN1(NPPL)

INCLUDE TTCOM

CALL PPUSH (' SCNCTA')

HLOW=2
HHI=NPPL-.
DFLT=NPPL/10
CALL RNGETI('HORIZONTAL WINDOW
SIZE?.',HOIIDLXLE,.OU V 1 2
VHI=NLIN-1
DFLT=NLIN/IO
CALL RNGETI('VERTICAL WINDOW

SIZE?.' ,VLO,VIII,DFLT,IWYLE-N, IEV,%9000)IF(.XIN=(;:r&)*)
WXLEN=WXLEN+1 IF (WYLEN =(WYLFN! 2) *2) WYLl>!=WYl1;I! +1

* OPEN INPUTFILE

CALL CPYIDR(FDI1,IDENT,.OPNTMP,IEV,%9000)

CALL DSCNAM( 'SCNCTA' ,IEV,%9000)

DO 1=6,19

IF (I .EQ. 6 .OR. I .EQ. 7 .OR. I .EQ. 13 .OR. I FEQ. 14 ORl.
I .EQ. 17 .OR. I .EQ. 19) $(

X=IDENT (I)
JDENT (I) =X

s$)

# OPEN OUTPUTFILE
CALL COPYDS(FDO1,JDENT,IEV,%9000)

IF (WXLEN<=0/WXLEN>=NPPL/WYLEN<=0/WYLEN>=NLIN) GOTO 9000

XWM1= (NPPL-WXLEN) /2



XWI3=XWM1' I,
XWEP1 =XWB +WXLEN
XWE=XWEP1 -1

YWM1= (NLIN-WYLEN)/,'2
r YWB=YWM1 +1

* YWEP1=YWB+WYLEN
YWE=YWEP1 -1

DO I=1,NPPL

ILINi (I) =:.

DO BLKN=1,YWM1

CALL RWRITE(FDO1,ILIN1,1,BLKN,JDENT,.WAIT,IE V,%9000)

DO BLKN=YWEP., NLIN

CALL RWRITE(FDO1,ILIN1,1,BLKN,jDEN'!,.WAI',IV'V,%,9O0)

DO BLKN=YWI3,YWE

CALL RREAD(FDI1,ILN1,1,BI,N,IDi\IT,.4'AIT,IEV,, 9000)

DO I=1,XWM1

DO 1=XWEP1,NPPL

# POSITI VITY CONSTRAINRT

DO I=XWB,XWE

IF ILINi (1) 0O.) ILiENi (I) O

CALL PPOP
CALL rLOSE(FDI1)
CALL CLOSE(FDO1)
RETURN

# ERROR CONDITIONS

9000 CONTINUE
CALL CLOSE(FDI1)
CALL CLOSE(FDO2)

9999 CONTINUE
9090 RETURN 1
END



# --FRQCTD DRIVER

#IDENTIFICATION BEEX, RATFOR, VAX-1l

# PURPOSE
# DRIVER SECTION FOR COMMAND TPHAT IMPOSES A

# FREQUENCY DOMAIN MEASUREMENT CONSTPA INT
#
#ENTRY POINT FROCTD(1WORK,ERRET)

# INCLUDE FILES/COMMONS
# MACAl

# GIPCOI4
# ERRET

# ROUTINES CALLED
# PPUSI]
# PPOP
# RDKINL
# CLOSE
# FRQCTA ALGORITHM SECTION OF IFROCTC ('(iMANI)

INCLUDE MACAl
SUBROUTINE FRQCTD(1- ORK, *)
IMPLICIT INTEGERCA - Z)
INCLUDE GIPCOM
INCLUDE ERROR
INTEGER IDENT(.IDLENGTH) , LDENT(. IDLHN(GTl)
DIMENSION WORK(C.AR13)

EQUIVALENCE (NPPL, IDENTl(.IDNPPl,))
EQUIVALENCE (NLIN,1DENT(.IDNLlNS))
EQUIVALENCE (NCOL, IDENT( IDNCOLS))
EQUIVALENCE (NROW,IDENT(.lDNROWS))
EQUIVALENCE (NBND, IDENT(. IDNBNDS))
EQUIVALENCE (MODE, IDENT C IDMODE-'))

CALL PPUSHC'FRQCTD')
# O P EN I N )UTF 11, FS
CALL RDKINL(FDI1,IDENT,.OLD,IEV,%9999)
CALL CLOSECEDIl)
CALL RDKINL(FDI2,LDrENT,.OLD,IEV,%9999)
CALL CLOSE(FDI2)

# CHECK INPUTFILES
IF(MODE^=.REALMODE) GOTO 9000

#NEED TO CHECK EQUALITY OF IDENT AND LDENT ARRAYS BUT NOT ALL

NXTh1
ILIN1=GETWP(NXT, .REALMODE,NPPL)
ILIN2=GETWP(NXT, .REALMODE,NPPL)
CORR=GETWP(NXT,.REALMIODE, NLIN*NPPL)
CORI=GETWP(NXT, .REALtinfDE,NLIN*NPPL)

IF(.0K^=OSALOC(NXT)) GOTO 9010

CALL COMTIN(%9999)

CALL FRQCTA(FDI1,FDI2,FDO1,WORK(ILIN1) ,W-ORK(ILIN2) ,
WORK (CORR) ,WORK(CORI) ,NLIN,NPPL,IEV,%9999)

CALL PPOP



I

#

RETURN
# ERROR CONDITIONS
9000 CONTINUE

# ILLEGAL DATAMODI)/INCOMP'AT IfIlE INPUT ARRAY,;
IEV=-2012
GOTO 9999

#

9010 CONTINUE
IEV=OSGIEV(IEV)
GOTO 9999

*

9999 CONTINUE
CALL CLOSE(FDII)
CALL CLOSE(FDI2)
CALL CLOSE(FDO1)

RETURN 1
END

'I
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#--FRQCTA I/O & ALGORITHM
#
#IDENTIFICATION BEEX, RATFOR, VAX-I1
#
#PURPOSE
# ALGORITHM AND INPUT/OUTPUT SECTION FOR COMIIAND THAT
# IMPOSES A FREQUENCY DOMAIN MEAS[UR}EMENT CONSTRAINT
*

#ENTRY POINT
# FRQCTA(FDI1,FDI2,FDO1,ILINI,ILIN2,CORP,CORI,NLIN,NPPL,IEV,*)

#ARGUMENT LISTING
# FDIl MEASUREMENTS

# FDI2 OLD RECONSTRUCTION
# FDOI NEW RECONSTRUCTION
#

#INCLUDE FILES/COMMONS
# MACAl
*

#ROUTINES CALLED
# PPUSH
# PPOP
# CLOSE

# CPYIDR
# COPYDS
# RREAD
# RWRITE
# DSCNAM
*

************************** ************ * *** *** ***** ***

*

INCLUDE MACAl
SUBROUTINE FRQCTA(FDII,FDI2,FDOI,ILINI,ILIN2,COR1,CORI,

NLIN,NPPL, IEV,*)
IMPLICIT INTEGER (A - Z)
CHARACTER FDI1(.FDLENGTH) , FDI2(.FDLENGTI) , EDOI(.FDLENGTII)
INTEGER IDENT(.IDLENGTH) , LDENT(.IDLENGTH) , JDENT (.IDLENGTI)
REAL ILIN1(NPPL), ILIN2(NPPL), SUM, THRESH, SOECOR, DIF
REAL CORR(NLIN,NPPL), CORI(NLIN,NPPL)
REAL TL, TH, TD

INCLUDE TTCOM

CALL PPUSH ( 'FRQCTA')

# OPEN 1NPUTFILES
CALL CPYIDR(FDII,IDENT,.OPNTMP,IEV,%9000)
CALL CPYIDR(FDI2,LDENT,.OPNTMP,IEV,%9000)

# WRITE DESCRIPTOR RECORD TO TEMP FILE
CALL DSCNAM('FRQCTA',IEV,%9000)

# CALL DSCNAM('FRQCTA',IEV,%9000)
# SET UP OUTPUTFILE PARAMETERS

DO I=6,19

IF (I .EQ. 6 OR. I .EQ. 7 OR. I .EQ. 13 .OR. I .EQ. 14 .OR.

I .EQ. 17 .OR. I .EQ. 19) $(
X=IDENT (I)
JDENT (I) =X

# OPEN OUTPUTF ILE

C A-I 5,JDENT,IEV,%9000)

I- I I °



BLKN=NL IN/ 2+1
# READ THE INFO PASShiU ALMA, IN Till MSMT ARI<!AY

# L iNES 1 THPU YS AND NJI, IN-Y,,;-2 '1'IIPU NL IN FOR~
# COLS 1 TlIRU XS AND NPPL-XS+2 TIRU NPPl,
# CONSTITUTE THE 11MSMT DOMAIN IN FREQUE.NCY SPACE

CALL RREAD(FDI1,ILIN1,1,BLKN,IUEN,,T,.WAlTI,IEV,%9000)
YS=INT(ILIN1(1))
XS=INT(ILIN1 (2))

# DETERMINE MEAN SQUARE DEVIATION OVER IISMT DOMAIN
# (EVENTUALLY ADD MAXIMUM DEVIATION OPTION LTC)

DO I=1,NLIN

DO J=1,NPPL

CORR(I,J) =0.
CORI(I,J) =0.

SUM=0.
DO BLKN=1,YS

DO BND=1,2

CALL RREAD(FDI1,lLlNl,BND,BLKN,IDIENTI,.WVAI1I,IEV,%,90OO)
CALL RREAD(FD12,ILIN2,BND,11[KN,II)ENT,.W-AIPr,IEV,% 9000)
DO I=1,XS
$c
DIF=ILINI(I)-ILIN2(I)
SUM=SUM+DIF**2
IF(BND==1) CORR(BLKN,I)=DI'
IF(BND==2) CORI(BLKN,T)=DIf-

* IF(XS>=l)

NS=NPPL-XS+2
DO I=NS,NPPL

DIF=ILIN1(I)-ILIN2(I)
SUM=SUM+DIF**2
IF(BND==1) CORR(BLKN,I)=DIF
IF(BND==2) CORI(BLKN,I)=DIF

IF(YS>1I)

MS=NL IN-YS+2
DO BLKN=MS,NLIN

DO BND=1,2

CALL RREAD(FDI1,ILIN1,BND,BLKN,IDENiT,.WAIT,IEV,%9000)
CALL RREAD(FD12,ILIN2,BIJD,BLKN,LDENT, .WAIT, IEV,%9000)
DO I=1,XS

A- 10



.........

DIF=ILIN1 (I) -ILIN2 (I)
SUM=SUM+DIF** 2
IF(BND==1) CORR(BLKN,I)=DIt'
IF(BND==2) CORI(BLKN,1)=DIF'

IF (XS>=l)

DO I=NS,NPPIL

DIF=IllN1 (I) -IL 1N2 (I)
SUM=SUM+DIF**2
IF(BND==1) CORPR(ILKN,I)=D1I
IF(lBND==2) CORI (BLKII,I1)DI

# MEAN SQUARE DIFFERENCE OVER MSM'P DorIAIN
SUM=SUM/ ((2*XS-1) *(2*YS-1))

# COMPARE tW1IT1 TOLFFABIE MFi\N SQUARE PIFFEPlI,'CE
TL=0.O
TH=1.E+08
TD=l.
CALL RNGETR ( 'THRESHOLD MSV?. 1 TL, T11, '1I), ThlRSHf, 11,V, %.9000)

IF(SUM<=THRESH) GOTO 5000
# SOFT CORRECTION

SOFCOR=SQRT (THIRESHI/SUM)
SOFCOR=1 .- SOFCOR
WRITE(TTYOT,1005) SOFCOR
1005 FORMAT(' SOFCOR= ',E9.4)

WRITE(TTYOT,1O10) THRESH, SUM
1010 FORMAT (' VARIANCE THRESHIOLD= ,9.4,' MS I)IFI= 'E9. 4)
DO BLKN=1,YS

CALL RREAD(FD12,ILIN1,1,BLKN,l DE1T,.AT,IEV,%-9000)
CALL RREAD(FD12,1IIU2,2,BLKN,I,1)ENtT,.WAI'I, IEV,%9000)
DO I=1,XS

ILIN1I ) =ILIN1(I) +SOFCOR*CORR3LI'N, I)
ILIN2 (I)=ILIN2 (I)+SOFCOR*CORI (BLKN, I)

IF (XS>=1)

DO I=NS,NPPL,

ILINic I) =ILIN1( I) +SOFCOR*CORR(ELKN, I)
lLIN2(I)=ILIN2(I)+SOFCOR*CORI(BLKIN,T)

CALL RWRITE(FDO1,ILIN1,1,BLfKN,JDENT,.WA1UT,IEV,%9000)
CALL RWRITE(FDO1,ILIN2,2,BLKN,JDENT,.WAIT,IEV,%9000)

IF (YS>=1)7 ScDO BLKN=MS,NLIN

.. ......cr .. ....



CALL RLDLD211l1iLNLLPA1J,1vo0
CALL RREAIDCEflT2,ILIN2,2,BIKl,l,1)-j.ET,.I AIT,1i'V,%9000)
DO I=1,XS

ILIN2 (I1) =ILIN2 (I) +SUI'COR*CoRI ( VIA'U., I)

IF (XS>=l)

DO I=HS, rJP1P[

ILIN ( I) =ILI!:l( I) +SOI-CO11l*CORH( LIK., 1)
ILIN2 (1) =IIN',2 ( I) +SOFCOR*CORICl TK , I)

CALL RWRITE (FDO1,ITLINl, 1 ,BLRN, JDENIT,.WAIT, I[1V, .9000)
CALL R141ITE (FDO1, ILIN2,2, BLKN, JDENT, .VJA IT, JE~V, 9000)

# COPY OUTS IDE rIEASUPiAIL'UN DGO4AID

ii SM1 =YSP1

IF

DO BLKN-YSP1 ,MSM1

CALI, lRREAD (FD12 ,ILltl, I,IiLKN,ILDEN'P,.WI-ti, I;",, 900)
CALL REDFIII2,2 LNLJN,.AY E,~00
CALL RRT(D1,IIi, BKDN,.AP Li00
CALL, R;RITI: (FDOl, ILIN2 , IBIrD:T jl '' r") o"

GOTO 6000
# NO CORRECTIO)N, -TRA IGHlT COPY

5000 CONTINUE
WRITE (TTYOT, 1020) THRESH
1020 PORMAT( ' 'iI' E'S IOLD= ' ,Ec.2, 'S'IFIU

DO BLKN=l,NLIN

~CALL RREAD(FDI2,ILIN1,l,BLKN,LDIENTI,.WAiT1, 1E-V, l90)Oi)
CALL RREAD(FD12,ILIN2,2,BLKN,IDENT,.IIAIT,IEV,%f9000)
CALL RWRITE(FDO1,ILIN1,1,BLKN,JDET,.I9IAIT,IEV,%9000)
CALL RWRITE(FDOI,ILIN2-,2,BLKN,JDIE'NT,.WJAIT',JEV,%;9000)

6000 CONTINUE

CALL PPOP
CALL CLOSE(FDI1)
CALL CLOSE(FDI2)
CALL CLOSE(FDO1)
RETURN
# ERROR CONDITIONS
9000 CONTINUE

1 CALL CLOSE(FDIl)
CALL CLOSE(FDI2)
CALL CLOSE(FDOI)



9999 CONTINUE
9090 RETURN 1
END

I
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#--MSMTSD D)RIVER

#IDENTIFICATION BEEX, RATFOR, VAX-11

#PURPOSE
# DRIVER FOR COMMAND THAT GENERATES PREQUENCY LIMITED MSMTS
# OVER THE MSMT DOMAIN

#ENTRY POINT MSMTSD(tqORK,ERRET)

INCLUDE MACAl
SUBROUTINE MSMTSD(WORK,*)
IMPLICIT INTEGER (A - Z)
INCLUDE GIPCOM
INCLUDE ERROR
INTEGER IDENT ( .IDLENGTH)
DIMENSION WORK (.ARB)

EQUIVALENCE (NPPL,IDENT(.IDNPPL))
EQUIVALENCE (NLIN,IDENT(.IDNLINS))
EQUIVALENCE (MODE, IDENT(.IDMODE))

CALL PPUSH ('MSMTSD')
# OPEN INPUTFTLE
CALL RDKINL(FDI1,IDENT,.OLD,iEV,%9999)
CALL CLOSE(FDI1)
#I CHECK INPUTPFILL-
IF(MODE^=.REALMODE) GOTO 9000

NXT=l
ILIN1=GETWP(NXT, .REALMODE, NPPL)
ILIN2=GETWP (NXT,.REALMODE, NPPL)

IF(.OK^=OSALOC(NXT)) GOTO 9010

CALL COMTIN(%9999)

CALL MSMTSA(FDI1,FDO1,FDO2,WOIRK(ILIN1) ,W4ORK(ILiN2)
NLIN,NPPL, IEV,%9999)

#
CALL PPOP

RETURN
# ERROR CONDITIONS
9000 CONTINUE
# ILLEGAL DATAMODE
IEV=-2012
GOTO 9999

#
9010 CONTINUE
IEV=OSGIEV( 1EV)
GOTO 9999

9999 CONTINUE
CALL CLOSE(FDI1)
CALL CLOSE(FDO1)
CALL CLOSE(FDO2)

RETURN 1
END



# MSMTSA ALGOR I THM

#IDENTIFICATION BEEX, RATFOR, VAX-Il

#PURPOSE
# ALGORITHM SECTION FOR COMIMAND) THAT CENERATE-S
# FREQUENCY LIMITED MSMTS OVER '111E PISNT 1OMAln'

#ENTRY POINT MSMTSA(FDI,FDO1,FDO2,ILIN1,ILINI2,NLIN,NPPL',ITEV,*)

INCLUDE MACAl
SUBROUTINE MSMTSA(F'DI1,FDO1,FDO2,TLIN1,TILIN2,NLJN,NPPL,IEV,*)
IMPLICIT INTEGER (A - Z)
CHARACTER FDI1 C.FDLENGTH) , FDO1 C.FDLENGIIf), PFO2( .FDLFWGTHjli)
INTEGER IDENT( .IDLENGTH) , JDENT( .IDLEtlGTli) ,LDhNT(. IDLEM.Gq I!)
REAL ILIN1(NPPL), ILIN2(NPPL), MSV, CONSTI
INTEGER*4 DUMMY

INCLUDE TTCOM

CALL PPUSH ('MSMTSA')
# OPEN INPL'TFI LE
CALL CPYIDR(FDI1,IDEN4T,.OPNTMP,IEV,%9000)
CALL DSCNAM( 'MSMTSA',IENI,%9000)

DO I=6,19

IF(l .EQ. 6 .OR. I .EQ. 7 .0R. I .EQ. 13 .OR. I FEQ. 14.i.
I .EQ. 17 .OR. I .EQ. 19) $(

X=IDENT C )
JDENT C ) =X
LDENT (I) =X

# OPEN OUTPUTFI1,l;
CALL COPYDS(FDO1 ,JDEN]T, IEV,% 9000)

YSL=1
YSH=NLIN/2-1
YSD=(YSL+YSH)/2
CALL RNGETI('ERTICAL SIZE MSMT
DOMAIN?.',YSL,YSH,YSD,YS,IEV,%9000) XSI,=1
XSH=NPPL/2-1
XSD= (XSL+XSH) /2
CALL RNGETI(HORIZONTAL SIZE tMSMT
DOM4AIN?.',XSL,XSH,XSD,XS,IEV,%9000) NOIVL=C
NOIVH=100000
NOIVD=O
~CALL RNGETI('NOISE VARIANCE?.' ,NOIVL,NOIVII,NOIVD,NOIV,IEV,%9000)

CONST=SQRT (12. *NOIV)
IF(NOIV==NOIVD) CONST:=0.O
DUMMY=345 89

DO BLKN=1,NLIN

CALL RREAD(FDII,ILIN1,1,BLKN,IDENT,.WAIT,TEV,%9000)
DOI=,NP

ILIN1(I)=ILIN1(I)+CONST*(RAN(DUMMY)-.5)
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CALL RWRITE(FDO , ILIN2 , 1,BfLKN4,J)EN'', .WAI'P',11EV,%9000)
CALL RREAD(FDI1,ILIN1,2,BLKN,TDENT,.WIAIT,IEV,%9000)
DO I=1,NPPL

CALL RWRITE(F'D0.,ILIN1,2,BLKN,JD)ENT,.WlAIT,IEV,%9000)

BLKN=NLIN/ 2+2
DO I=1,NPPL

ILINi (I)=0.

ILINi (1) =YS+. 02
ILINi C2)=XS+.02
CALL RWRITE(FDO1,ILIN1,1,BLKN,JDENT,.WAI'1',IEV,%9000)

CALL CLOSE(FDO1)
CALL CLOSE(FDI1)
CALL CPYIDR(FDI1,IDENT,.OPNTMP,IEV,%9000)
CALL COPYDS(FDO2,LDENT,IEV,%9000)
XSP1=XS+1
NS=NPPL-XS+2
NSM.=NS-.
YsP1=Ys+1
MS=NL IN-YS+2
MSM1~ms- 1

MSV=0.0
DO ELKN=1,YS

CALL RREAD(FDI1,ILIN1,1,BL\N,IDENT ,.VJAITI,IVV,%9000))
CALL RREAD(FDI1,ILIN2,2,BLK,IDEN,.AT,IV, .900)
DO I=1,XS

MSV=MISV+ILIN1 (I) *ILIN1 (I) +ILIN2(I) *I1,Tr,,2( I)
$)
DO I=NS,NPPL

MSV=MSV+ILIN1( I) *ILIN1( I) +ILIN2( 1) *IIL N2( i)

DO I=XSP1,NSM1

ILINi (I) =0.0
lLIN2 (I)=0.0

CALL RWRITE(FDO2,ILIN1,1,BLKN,LDENT,.WAIT,IEV,%9000)

CALL RWRITE(FDO2,ILIN2,2,13LKN,LDENIT,.WAIT,IEV,%9000)

DO BLKN=MS,NLIN

CAL$EDFILI11BKDN,.ATIV%00
CALL RREAD(FDI1,ILIN2,2,BLKN,IDENT,.WAIT,IEV,%9000)

DO I=1,XSI ~MSV=MSV+ILIN1 (I) *ILIN1 (I) +ILIN2 (I) *111N2 (I)
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DO I=NS,NPPL
$1
MSV=MSV+ILIN1( I) *ILIN1( I) +ILIN2( J)*I N(I)

DO I=XSP1,NSM1

ILIN1(I)=0.0
ILIN2 (I) =0.0

$)
CALL RWRITE(FDO2,ILIN,1,BLKN,LDN'', .W-AI'I',1 EV,%9000)
CALL RWRITE(FDO2,ILIN2,2,BLKN,l DENT',.WAIT,IEV,%9000)

DO BLKN=YSP1,MSM1

DO I=1,NPPL

ILINi (I) =0.0

ILIN2 (I) =0. 0

CALL RWRITE(FDO2,ILIN1,1,I3LKN,LDIENT,.W-AI P',]E-V,%9000)

CALL RWRITE(PDO2,ILIN2,2,BLKN,lTr)ENT,.WIAIT,IEV,%9000)

MSV=MSV/( (2*XS.-1) *(2*YS-1))
WRITE(TTYOT,1010) MSV
1010 FORMAT(' MEAN SQUARE VALUE OF MSMi'S ',1-I1.4)

CALL PPOP
CALL CLOSE(FDI1)
CALL CLOSE(FDO1)
CALL CLOSE(FDO2)
RETU RN

# ERROR CONDITIONS
9000 CONTINUE
CALL CLOSE(FDIl)
CALL CLOSE(FDO1)
CALL CLOSE(FDO2)

9999 CONTINUE
9090 RETURN 1
END
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